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A field experiment was conducted to determine the effects of intra-row spacing and nitrogen fertilizer rates on 
yield, yield components and bulb quality of leek at Areka Agricultural Research Centre, Woliata Zone. 
Treatments comprised of five nitrogen levels (0, 69, 92,115 and 138 kg ha-1) and three intra row spacing levels 
(5 cm, 10 cm and 15 cm)which were laid out in factorial arrangement in randomized complete block design with 
three replications. Carentan Giant leek variety was used for the experiment. Data were collected on plant height, 
leaf number, leaf length, pseudo-stem length shaft diameter fresh weight dry matter content, marketable and 
unmarketable and total  yield(t/ha) The result revealed that the main effects of nitrogen rates and intra row 
spacing had significant effects on non marketable pseudo-stem, total yield, total marketable pseudo-stem number 
and fresh weight. There was no statistical difference (p<0.05) on plant height, leaf number, leaf length leaf width, 
shaft diameter dry matter content due to treatments. The result showed that interaction of nitrogen rates and intra 
row spacings was not significantly (p<0.01) influenced in all parameters. Specifically, both marketable and total 
yields showed increasing trend with increase in nitrogen rates where the highest total marketable yield (46.68 t 
ha-1) and total yield (48.63 t ha-1) were recorded at the rate of 138 kg N ha-1and intra row spacing5cm which was 
39.16(t/ha) obtained Regarding the N fertilization, extended days to physiological maturity was recorded with 
nitrogen application rate up to 115 kg N ha-1. The results of the experiment suggested that the leek variety 
carentan giant responded well to the application of nitrogen fertilizer rates .In conclusion, application of 138 kg 
N ha-1 nitrogen and intra row spacing of 5 cm was found to be promising for yield of leek.  
 
1. INTRODUCTION 
The leek (Allium ampeloprasum var. porrum L.) belongs to the genus Allium of the family Alliaceae (Hanelt, 
1990). It is closely related to the onions. It is a biennial plant and its reproductive system is predominantly cross-
fertilization although self fertilization is possible (Meer and Hanely, 1990). Leek is a slow growing 
monocotyledonous species of the genus; it is characterized by broad, flat, tightly wrapped, dark green leaves, a 
long, thick white stalk, and a slightly (to some extent) bulbous end. It is very tolerant to cold weather, although 
the optimum temperature for vegetative growth is around 20 °C. The leaves and long white blanched stem are 
eaten cooked or can be added to salads (Theunissen and Schelling, 1998).   
Leek is one of the most important bulbous crops cultivated commercially in nearly most parts of the 
world (Simon, 1992). It contributes significantly to nutritional value of the human diet and is primarily 
consumed for its unique flavor or for its ability to enhance the flavor of other foods (Randle and Ketter, 1998). 
Its distinctive pungency is due to the presence of a volatile oil (allylpropyl disulphide). The mature bulb contains 
some starch, appreciable quantities of sugars, some protein, and vitamins A, B, and C (Decoteau, 2000). It is also 
used as preservative and medicine (Vohra et al., 1994). 
On the basis of production volume  averaged over the years 2002–2004, world production in millions of 
tonnes were 54.2 for dry bulb onions, 13.4 for garlic and 4.4 for green onions plus shallots and, averaged for the 
years 2003–2005, 1.78 for leeks and others (FAO, 2007). It is grown in more than 130 countries with total world 
production estimated at 599, million tons, covering about 10.9 million hectares (FAOSTAT, 2010). Based on the 
average production from 2008-2010, the world’s top producer of Alliums, including onion, shallot, garlic and 
leek, is China, contributing an average of 31% to the total production followed by India (10%). Tropical 
countries, having about 45% of the world’s arable land, grow about 35% of the worlds Alliums (Mohamed, 
2010). 
In Ethiopia, the Alliums group are among the most important bulb crops produced by small farmers and 
commercial growers both for local uses as well as for export (Metasebia and Shimelis, 1998; Getachew and 
Asefaw, 2000). Metasebia and Shimelis (1998) reported that the per capita consumption of these crops is about 
1.74 kg and 5.9 kg in rural and urban areas, respectively. Leeks are spread throughout the country, being 
cultivated under both irrigated as well as rain fed conditions in different agro- climatic regions. The best growing 
altitude for leeks under Ethiopian condition is between 700 and 1800 m a.s.l (Lemma and Herath, 1992; Aklilu, 
1997). Statistics on the production of Alliums in Ethiopia showed that about 32,786.30 ha of land is cultivated 
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and 0.89 million tons of bulbs produced (CSA, 2008). ). However, currently, there is no information about the 
area and the status of leek production in Ethiopia (FAOSTAT, 2010; CSA, 2008. Among the Allium crops, onion 
and leek, though of a recent introduction, are rapidly becoming popular vegetables among consumers (Lemma 
and Shimeles, 2003). However, the average yield of leek is about 5 t ha-1, which is very low compared to the 
world’s average production of 16 t ha-1. Many diverse and complex abiotic, biotic and human factors are 
believed to have contributed to the existing low productivity of Allium, including leek, in Ethiopia (Lemma and 
Shimeles, 2003). 
The commercial product of leek is its pseudo-stem and leek’s pseudo-stem yield varies depending on 
cultivar, sowing date and planting density (Mondal, 1985). The author further indicated that bulb yield increases 
with plant density and that this positively correlates with the percentage light interception by the crop leaf 
canopy. In addition, Brewster (1994) reported that leek bulb yield increased asymptotically as plant density 
increases and that mean bulb size correspondingly declined. 
According to Larkcom (1991), the recommended spacing for improved Leek (Allium ampeloprasum 
var.porrum) production in China and Japan is 10 x 15 x 40 cm spacing, where 10 cm is the spacing between 
plants, 15 cm is the spacing between rows on a bed and 40 cm is the width of plant bed including water path 
used for irrigating the plant. But this recommendation is irrespective of the Allium species and varieties 
cultivated and only for furrow irrigation system. There is insufficient information on appropriate plant spacing 
for rain fed method of leek production. Farmers in the different parts of the country are often observed to use 
higher or lower densities than the general spacing recommendation for Allium. 
In areas around Areka Agricultural Research Centre, production of leeks, as a rain fed crop, is 
commonly practised with single row method of planting. In the area, leek is produced for home consumption and 
for local market as a source of cash. Seedlings are raised from seeds and transplanted at variable spacings, wider 
or closer than that stated by Lemma (2004). In general, farmers are not aware of the different agronomic 
practices influencing yield; planting leek at appropriate density is no exception. Thus, optimum planting density 
for leek is not known in the intended study area. 
Leeks are more susceptible than most crop plants in extracting nutrients because of their shallow and 
un-branched root system; hence, they require and often respond well to additional fertilizers (Brewster, 1994). 
Nitrogen, phosphorus and potassium are often referred to as the primary macronutrients because of the general 
probability of plants being deficient in these nutrients and because of the large quantities taken up from the soil 
relative to other essential nutrients Marschner, (1995). Leeks require about 200-250 kg N ha-1 (Sulistiorini and 
Meer 1993). On sandy loam soil in a semi arid region in the central Rift Valley of Ethiopia, Allium species are 
indicated to benefit from application of 90 to 120 kg N ha-1 for optimum production of leek (Aklilu, 1997). 
Considering the importance of leek as one of the potential vegetable crops for both domestic 
consumption and export, it is very important to increase its productivity along with appropriate management 
practices. Therefore, there is a need to identify appropriate spacing and nitrogen. The present study is, therefore, 
proposed with the following objective. 
  To determine the effect of intra-row spacing and nitrogen fertilizer rate on yield, yield components and 
quality of leek. 
 
2. MATERIALS AND METHODS 
2.1. Description of the Study Area  
The experiment was conducted at Areka Agricultural Research Centre, Woliata Zone Southern Nations 
Nationalities and Peoples Regional State during the cropping season of 2012. The experiment site is located 300 
km south west of Addis Ababa and 259 km south west of Awassa. The geographical location of the study area is 
37o 40’ 13.6” E longitude, 7o 11’ 30.5”N latitude, situated at an altitude of 1734 metres above sea level. The area 
has an average annual rainfall ranged from 900-1400 mm, and average minimum and maximum temperatures of 
14.9 and 22.9 oC, respectively (BOARD, 2008 and Dawit, 2010).  
Generally, the study area soil is characterized with sub angular structure at the surface layer (0 to 30 cm) 
while the sub surface soil layers has strongly developed angular blocky structure with the good porosity. The soil 
is silt-loam in texture and moderately deep (50 cm). Since bulk density values are less than 1.4 g/cm3, the soil is 
not very compact to limit root development. The soil reaction is slightly acidic with pH values ranging from 4.7 
to 5.06. The organic matter ranges from 2.0 to 3.4% at surface soils which is medium to high. In the sub-surface 
horizons its content decreases to about 0.3 to 0.8% which is low. The total nitrogen content of the top-soil is 
medium to high and its content ranges from 0.15 to 0.62%.The available phosphorus content in the surface soils 
is 16.02 mg kg-1 (Appendix Table 1).  
 
2.2 Meteorological data of study area 
Climatic data was measured in a meteorological station located in the experimental field, about 6 km distance 
from the experimental plots. The duration of growth period was from June to September 2012. Appendix table 2 
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presents the monthly average air temperature and rainfall from June to September for the years 2005 to 2013. 
The weather conditions during the growth period varied slightly from the 5 yeas average. The growing season 
was relatively hotter than the 5-year average. Average monthly temperature in the summer period of 1st June to 
30th August was above normal. A significant drop in temperature was observed in September, especially in the 
third week of this month. The total precipitation during the vegetation period of the crop was relatively lower 
than in the 5-year average. Rainfall shortages occurred especially in August (10.5 mm). However, crop growth 
was not affected because supplemental irrigation was given as needed.  
 
2.3. Plant Material 
Leek variety, namely Carentan Giant was used as experimental material. It is introduced from France and is 
popular in eastern Ethiopia, particularly in Hararghe. The source of the seed was from Addis Ababa market. This 
variety is characterized by early maturation, short thick shaft plant and is well adapted to tropical highlands for 
better yield.  
 
2.4. Treatments and Experimental Design 
The treatments consisted of 3x5 factorial combinations of plant populations (5, 10, and 15 cm intra-row) in rows 
of 40 cm apart, giving population densities of 500,000, 250,000and 166,667 plants ha-1, respectively and five 
levels of nitrogen (0, 69, 92, 115, 138 kg N ha-1). The treatments were laid out in factorial arrangement in 
randomized complete block design with three replications. The treatments were randomly assigned to each plot. 
The size of each plot was 2.4 m long and 2 m wide and the net plot size was (2.44 m2). Individual plots and the 
blocks were separated by space of 0.8 m and 1.2 m, respectively. 
 
2.5. Planting and Cultural Practices 
The field was ploughed 3 times before planting. Seeds of Carentan Giant were sown on seedbed of 1m x 10 m 
for raising seedlings in the first week of August 2012. The seedlings were managed in the nursery as per the 
practices of Areka Agricultural Research Center until seedlings reached a stage of transplanting.  
2.5.2 Soil sampling and analysis 
Pre-planting soil samples were taken randomly in a zigzag fashion from the experimental plots at the depth of 0-
30 cm. Ten soil cores were taken using an auger from the whole experimental field and combined to form a 
composite sample in a bucket. The soil was broken to in small crumbs and thoroughly mixed. From this mixture, 
a sample weighing one kg was filled to in a plastic bag. This was replicated two times and prepared for the 
analysis. 
The soil was air dried and sieved through a 2 mm sieve. Then, soil pH was determined by diluting the 
soil in a 0.01 M CaCl2 solution in the ratio of 1 soil volume to 2.5 volume of the CaCl2 solution. Thus, twenty-
five ml of the 0.01M CaCl2 solution was added into soil sub samples each weighing 10 g. After equilibrating for 
2-3 hours, the suspensions was filtered and the pH measured by a glass electrode. Texture of the soil was 
determined by sedimentation method (Hesse, 1971).  
The soil samples were analyzed for total nitrogen and available phosphorous and organic carbon. Total 
nitrogen of the soil was determined by the micro Kjeldhal procedure. Organic carbon was determined by the 
method of Nelsen and Sommers (1982). Available phosphorous content of the soil was determined by extraction 
with 0.5M NaHCO3 (Olsen et al., 1954). Phosphorus in the extracts was determined with atomic absorption 
spectrophotomer calorimetrically according to the molybdenum blue colour method of Murphy and Riley (1962).  
 
3. RESULTS AND DISCUSSION 
3.1. Plant Growth Parameters 
3.1.1. Plant height 
The main effects of nitrogen rates and intra row spacing as well as the interaction effects of the factors were non-
significant on height of leek plant (Appendix Table 3). However, it was observed that treatments did not have 
statistically difference among the means. There might be insufficient nutrient distribution to various plant parts, 
and high soil temperature affected the plant part that made undesirable elongation. In addition to this, the soil 
status was slightly acidic and light intensity affected both morphological and physiological of the leek plant.    
Generally, the plants did not attain their respective height because of insufficient mineral nitrogen in the 
soil, less availability of soil nutrients, water and light etc. The possible reason for decrease in height with further 
increase in nitrogen rate could be due to the non-responsiveness of crops beyond certain levels and negative 
effects of excess nitrogen rates (Adas, 1978). The observed trend was in line with reports of Bunsgard et al. 
(1999) who stated that N is a constituent of many fundamental cell components and plays a vital role in all living 
tissues of the plant. Wurr.et al. (1999) concluded that increasing the application rate of N increased growth 
parameters of onion plant. Ahmed and Abdalla (2006) also showed that nitrogen application had increased plant 
height and yield.  
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The non- significant effect of intra row spacing on height of leek plant might be that the early growth 
stage, leaf formation phase, of the plant could possibly be due to leaf morphology and architecture or physiology 
that does not encounter light limitation as well as its shallow root system that does not encounter competition for 
nutrients and moisture (Brewster, 1977, 1994).  
Table 1. The main effect of N- rate and intra row spacing on plant height, number of leaves, leaf length and 
pseudo-stem length of leek 
Treatment  Plant height (cm) Leaf length (cm) Leaf number Leaf width (cm) 
Nitrogen (kg ha-1) 
0 61.02                     50.19 10.57 3.16 
69 63.34 51.28 10.40 3.23 
92 64.64 51.89 10.78 3.37 
115 64.18 50.11 10.34 3.13 
138 60.79 48.59 10.26 2.81 
LSD(0.05) NS            NS NS               NS 
Intra row spacing (cm)                                                    
5      63.34 50.38 10.54 3.21 
10      61.65 49.94 10.35 3.05 
15       63.39 50.91 10.51 3.16 
LSD(0.05)       NS    NS   NS   NS 
CV (%)       9.0     9.6    6.7   16.7 
NS = means not significant at 5% probability level. 
3.1.2. Leaf length and leaf number 
The main effects of nitrogen rates and intra row spacing and their interaction on leaf length and leaf number of 
leek plants were found to be not significant in (Appendix table 3).   
Even though the effect was non-significant, there was an increase in leaf length and leaf number with 
the increase in nitrogen rates up 92 kg N ha-1; beyond this level, however, a trend of reduction was observed 
(Table 1). Maximum number of leaves per plant (10.78) was obtained due to the application of 92 kg N ha-1 
while the least number of leaves per plant (10.26) was recorded from the application of 138 kg N ha-1.  
The result contradicts with the observation of Nasreen et al (2007) who reported that the application of 
120 kg N ha-1 increased the number of leaves per plant and leaf length significantly over the control as well as 
lower levels of nitrogen. The result did not agree also with the report of Cuocolo and Berbieri (1988) who 
showed that leaf length increased linearly with increase in nitrogen rates from 46 to 120 kg N/ha. Similarly, 
Figliuolo et al. (2001) reported highly significant difference with respect to leaf length, and number of leaves per 
pant. Likewise, Nasreen et al. (2007) found that application of 120 kg N ha-1  increased the number of leaves per 
plant and further increase in the level of N (160 kg ha-1) tended to decrease it on onion while Vachhani and Patel 
(1993) found the highest number of leaves per plant with the application of 150 kg N ha-1.  
The non significant response of leaf number in the present study can highlight that the site was not 
nitrogen deficient for leaf growth in leek. Furthermore, the possible reason for reduced leaf length and leaf 
number per plant with the increase of nitrogen beyond the 92 kg N ha-1 rate could be due to burning effect of the 
fertilizer at higher doses (Rizk, 1997). 
Regarding the intra row spacing, inconsistent values that do not show trends were recorded in leaf 
length and leaf number. The maximum leaf length (50.38 cm) and leaf number per plant (10.54) were obtained 
from the intra row spacing of 5 cm; however, both values dropped at the 10 cm spacing and then slightly 
increased at the 15 cm. This result does not agree with the result of Singh and Schan (1999) on onion who 
reported that the greatest numbers of leaves per plant were recorded from the widest row spacing.. The results 
are similar to Weerasinghe et al. (1994), on onion.They reported that increasing plant competition significantly 
decreases seedling leaf number. Mari et al. (1997) and Rizk (1997) also reported mat lower planting density 
resulted in higher number of leaves per plant.  
3.1.3. Leaf width 
The statistical analysis of the data indicated that the main effects of nitrogen rates and intra row spacing as well 
as their interaction did not show significant effect on the leaf width of leek plants (Appendix table 3).  
Similar to those of leaf number and leaf length, leaf width did not show trends in relation to population 
density. Leaf width was observed to be relatively lower in plants grown in numerical number at the 10 cm intra 
row spacing compared to those grown at 5 and 15 cm (Table 1). 
The negative, but non-significant, response of leaf width growth of leek plants to the applied nitrogen 
rate could be attributed to effect of N in the synthesis of the different components of protein through increased 
production of carbohydrate in the plant system, which increases vegetative growth of plants (Verma et al., 1994). 
This might be attributed to the fact that higher amount of nitrogen rate reduces competition for this resource and 
as a result leaves developed to larger sizes. This result is in conformity with that of Ahmed et al (2006) on onion. 
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Application of 69 kg ha-1 increased bulb diameter by about 11% as compared to the control (6.44 cm). Similar 
results were also reported by Yadav et al. (2003) who found that N at 150 kg ha-1 enhanced the formation of leaf 
diameters with highest diameter. 
 
3.2. Yield and Yield Components  
3.2.1. Pseudo-stem diameter  
The analysis of variance indicated that the main effects of nitrogen rate and planting spacing as well as 
interaction of the two did not significantly affect pseudo-stem diameter (both white and green portions) 
(Appendix table 3). However, as revealed in Table 2, these results are contrary to (Tadesse, 2008) who obtained 
that the positive responses (inconsistence effect) of nitrogen to leek could be that N might have promoted more 
cell division and elongation which enables assimilation of more carbohydrates for further cell growth and 
elongation of shoots. The response in this study is in agreement with report of Tariq, (1999) and Biswas et al., 
2003) on onion. Similarly, Jilani et al. (2004) reported that the maximum leaf length of onion was recorded at 
160 kg N ha-1 while the minimum leaf length was recorded at control level of nitrogen. Likewise, the growth in 
leaf length of Iris germanica was noted to be maximum with 23 g N m-2 where as minimum was recorded in 
unfertilized control plots.  
3.2.2. Pseudo-stem length 
The statistical analysis of data showed that the main effects of nitrogen rates and intra row spacing did not 
significantly affect the pseudo-stem length (white and green pseudo-stem parts), as shown in Appendix Table 3. 
Various studies result conducted in different countries reported that shank (shaft) length increases with 
increasing nitrogen rates. The tendency did not have a response in pseudo stem length of the green part of the 
leek. The decrease in pseudo-stem length could be due to the presence of high competition for growth factors at 
wider spacing  
However, the actual result was in contradiction with Bungard et al. (1999) who described that N is the 
major constituent of proteins and the presence of abundant protein tends to increase the size of the leaves, and 
accordingly, bring about an increase in carbohydrate synthesis. Similar result was also reported by Jilani (2004) 
who found that N at the rate of 200 kg ha-1 enhanced the length of onion leaves. 
As discussed earlier for other growth characters, the negative responses of leek to N could not have a 
direct relation with nitrogen fertilizer rates that promote cell division which enable assimilation of more 
carbohydrates for further cell growth, and thus, later shoot elongation in leek (Baker, 1998). Bungard et al. (1999) 
described that N is the major constituent of proteins and the presence of abundant protein tends to increase the 
size of leek leaves and accordingly bring about an increase in carbohydrate synthesis for elongation of the 
pseudo-stem. . As noted by Currah and Proctor (1990) the Allium crops in general require a constant supply of 
moisture throughout the growing season as their root system is inefficient. Sinnadurai (1978) also indicated that 
closer spacing results in smaller bulbs, while wider spacing increases bulb size  
Table 2.The main effects of N- rate and intra-row spacing on pseudo-stem diameter, biological fresh yield 
weight (BFMY) and dry-matter content of leek 
Treatment   









N-rate (kg ha-1)      
0 28.18 28.88 6.32 15.93 72.70dc 10.96 
69 27.62 28.31 6.26 16.41 82.9ab 11.27 
92 29.53 30.23 5.56 17.01 99.30a 11.64 
115 28.75 28.99 6.10 17.48 83.20ab 11.57 
138 26.84 27.45 5.56 16.07 73.80d 11.15 
LSD(0.05) NS NS NS NS 26.60 NS 
Intra row spacing (cm)      
5 28.38 29.03 5.78 16.49a 88.10 11.91 
10 27.59 28.03 5.72 16.56 78.60 10.83 
15 28.58 29.25 6.38 16.69 80.40 11.21 
LSD(0.05) NS NS NS NS NS NS 
CV (%) 13.3 13.5 16.2 14.6 35.4 17.3 
Means followed by the same letter within a column are not significantly different at 5% level of significance; 
NS= not significant. 
3.2.3. Biological Fresh matter yield  
As indicated in the Table 2, the biological fresh matter yield of leek significantly (P<0.05) varied due to the main 
effects of nitrogen rates while intra row spacing and its interaction with N did not have an effect on mean 
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biological fresh matter yield of leek (Appendix table 5). The biological fresh matter yield showed significant 
increase with 12.3 and 19.8% when the nitrogen rates increased from 0 to 69 and 92 kg ha-1, respectively (Table 
2). Beyond the rate of 92 kg ha-1, however, the fresh weight of leek per plant declined, although the rate of 115 
kg ha-1 was significantly higher than plants from the control treatment. Significant difference was found between 
the nitrogen rates of 138 kg ha-1 (73.8g) and the control (72.7g).  
Generally, a linear increment in biological fresh matter yield was observed with an increase in nitrogen 
rates from 0 to 92 kg ha-1. In agreement with this result, previous studies have addressed the relationship 
between different N fertilizers and the growth characters of leek and related crops and that leek crop responds to 
good soil fertility and adequate fertilizer. For instance, Baker (1998) reported that N nutrient required by leek for 
optimum growth was 80 to 120 kg N ha-1. The result is also in line with that of Booij et al. (1996) for leek and 
Brussels sprout and Melaku et al. (2010) for onion who reported similar responses to nitrogen rates. Nitrogen, 
being an integral part of chlorophyll and a constituent of all proteins, promotes vigorous vegetative growth 
(Ahmed, 2003). 
3.2.4. Dry matter content  
Statistical analysis of data indicated that the main effect of nitrogen rates, intra row spacing and their interaction 
did not significantly affect the dry matter content of leek pseudo-stem as shown in Table 2 and Appendix Table 5. 
The dry matter content in the (1.73%) unfertilized plots and under closer spacing might be slightly lower because 
of the competition for nitrogen and other nutrients which is needed for vegetative growth. The major pseudo 
stem lengths have uniformity in shape, sizes and their skin colour. Consequently, there was no change in 
carbohydrate production and accumulation in the storage of the pseudo-stem in this case. Furthermore, relatively 
more soil moisture is expected under wider spacing could be easily absorbed by the plants raise which 
subsequently reduce dry percentage of tissues because of dilution effect.  
The non-significant difference observed in the dry matter content of leek pseudo-stem is similar with 
that of Hansen and Henriksen (2001) who noted that the dry matter content during the period from 10 to 100% 
top fall did not change significantly although there was a 44% increase in the yield of fresh bulb of onion. 
Similarly, Raupp (2005) indicated that nitrogen fertilization did not affect the dry matter content of pseudo-stem. 
In our experiment, the applied nitrogen doses did not have significant effect on the dry matter content. In spite of 
this fact, there were tendencies for the dry matter content to decrease slightly as the nitrogen level was increased. 
The portion of dry matter decreased from 11.97% at 0 to 11.60% at 46 kg N ha-1 (Table 2) Furthermore, the 
tendency of dry matter increases the growing period of onion decreased the dry matter content of the leaves and 
bulb in accord with results obtained by Sorensen (1999b); Preston and Sophea et al (2001 The researches pointed 
out that higher rate of nitrogen fertilizer decreased dry matter content in vegetables. Hansen and Henriksen (2001) 
also showed slight increase in dry matter that was due to loss of moisture from the outer surface whereas the 
reduction corresponded well to hydrolysis of fructans and termination of the dormancy period where the bulbs 
began to sprout 
3.2.5. Marketable number of pseudo-stems per plot 
ANOVA showed significant effect of nitrogen rates and intra row spacing on the number of marketable pseudo-
stems per plot, while intra-row spacing showed highly significant (P<0.01) effects though their interaction was 
not significant (Appendix Table 5).  
The significant effect of N could be the impact of the rate of nitrogen on the parameter. The possible 
reason for this might also be the less competition between the plants and efficient utilization of applied nitrogen 
and other growth factors for majority of the plants in the stand to develop pseudo-stems to a marketable size. 
Similar responses to N rate and intra row spacing were recorded for unmarketable (Table 3).However, the 
marketable pseudo showed increase with N application where rate at 69 and 92 kg N ha-1, respectively, showed 
increment of 19.7% and 23.7% over the control. Pseudo-stem number also increased proportional to planting 
density employed. At the intra row spacing of 5 cm, marketable pseudo-stem number was about 105 and 225% 
higher than number from the spacing at 10 cm and 15 cm, respectively. The results of the present study support 
the findings of Maier et al. (1994) and Ahmed.et al. (2006) who stated that the marketable bulb of onion was 
increased as intra row spacing decreased up to 7.5 to 10 cm. 
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Table 3.The main effects of N- rate and intra row spacing on days to maturity and marketable, unmarketable of 
pseudo-stem number per plot leek. 
Treatment Days to 
maturity 
Pseudo-stem number per plot 
Marketable  Unmarketable Total number 
N-rate(kg ha1) 
0 88.22d 63.00b 9.56      72.33a 
69 110.00c 75.40ab 10.11 86.33a 
92 119.78b      77.90a 8.33 86.22a 
115 128.78a 75.30ab 11.00 85.55ab 
138 131.67a 75.66ab 11.22 86.88b 
LSD (0.05)  5.36      14.78 NS 14.12 
Intra row spacing (cm)       
5 113.50 122.90a 12.73 135.66a 
10 116.53 59.70b 8.86 68.53b 
15 117.10 37.80c 8.53 46.20c 
LSD (0.05)    NS      11.45        NS 10.94 
CV (%)    4.80      20.83       20.10        11.10 
Means followed by the same letter within a column are not significantly different at 5% level of significance; NS 
= non- significant.  
3.2.6. Unmarketable bulb number per plot  
The main effects of nitrogen rates and interaction effects of N with intra row spacing did not show significant 
effect on the number of unmarketable pseudo-stems of leek. On the other hand, similar to the number of 
marketable pseudo-stems was highly significantly affected (P<0.01) by the intra row spacing and also the 
number of unmarketable pseudo-stems was non-significant effects (P<0.01) by the intra row spacing (Appendix 
Table 5).  
Number of unmarketable pseudo-stems showed inconsistent trend with nitrogen rates. This result was in 
conformity with that of Berga et al. (1994) who stated that unmarketable yield might be controlled more 
importantly by other factors such as disease incidence, harvesting practice, etc. rather than by mineral nutrition. 
On the other hand, result of Abidissa (2008) showed that the application of N at a rate of 69 kg ha-1 decreased the 
number of unmarketable bulbs of onion by about 17% as compared to the untreated control which contradicts 
with observation in this study. The possible reason for the high unmarketable yield in closely spaced plants could 
be due to less inter-plant competition as compared to plants at wider intra row spacing. As described by Kanton 
et al. (2002), the reduction in number of unmarketable bulbs as intra row spacing increased might be attributed 
to the possible reduction in competition among the plants for soil moisture and nutrients. Forbes and Watson 
(1994) indicated that as intra row spacing increased, competition for available water, mineral nutrients and light 
increased. This result was in line with that of Geremew et al (2010) who reported that wider intra row spacing 
gave higher percentage of bulbs with larger bulb diameter.  
3.2.7. Days to physiological Maturity 
ANOVA showed the main effects of nitrogen rates significantly varied days to physiological maturity of leek 
while spacing and the interaction of the two did not significantly affect this parameter (Appendix Table 6.). 
Days to physiological maturity showed significant increases with nitrogen application rate up to 115 kg 
N ha-1 that delayed maturity of pseudo-stem by 41 days. Even though statistically non-significant, increasing 
intra row spacing also tended to prolong days to 70% maturity stage of the leek crop where delay in maturity by 
4 days was observed at 10 and 15 cm intra row spacing compared to those at 5 cm that matured in 113 days 
(Table 4).  
Delayed maturity due to increased supply of nitrogen rates indicates longer favourable time for cell 
division, growth, photosynthesis, accumulation and eventual partitioning of photo assimilates to various plant 
parts (Marschner, 1995; Ahmed,et al 2003). The prolonged days to physiological maturity due application of 
nitrogen fertilizers might be due to the availability of nitrogen and its enhancing effect on absorption of other 
nutrients that could promote vegetative growth and delay maturity in many horticultural and field crops 
(Deukema and Vander Zaag,1990).  
The present result was in line with reports by Rozek et al. (1990), Soujala et al. (1998) and Ahmed et al 
(2003) in case of nitrogen fertilizer application reported significant effect on days to 70% physiological maturity 
of onion.  
3.2.8. Pseudo-stem yield 
The main effects of nitrogen rates and intra row spacing showed a highly significant (P<0.01) effects 
respectively on the marketable and total pseudo-stem yield of leek; however both parameters did not vary due to 
the interaction effects of the treatments. The unmarketable pseudo-stem yield of leek was affected intra row 
spacing whereas the main factors of nitrogen rates and their interactions non significant differences were 
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revealed in (Appendix Table 4).  
Both marketable and total yields showed increasing trend with increase in nitrogen rates where the 
highest total marketable yield (46.68 t ha-1) and total yield (48.63 t ha-1) were recorded at the rate of 138 kg N ha-
1(Table 4). The increment in marketable yield ranged from 33% at 69 kg N ha-1 to 100% at 138 kg N ha-1 
compared to the yield from the unfertilized control (23 t ha-1). Similar trend was also recorded for the total 
pseudo- stem yield (Table 4). This fact implies that there might have been response to even higher levels of 
application of nitrogen. 
The possible reason for increase in the pseudo-stem yield of leek with increase in nitrogen rate could be 
that plants effectively utilized the applied nitrogen which might further enabled absorption of other nutrients. 
Similarly, Brady and Wiel (2002) noted that a good supply of nitrogen stimulates root growth and development 
as well as the uptake of other nutrients. Nitrogen is a main component of many essential plant compounds and it 
is needed to form chlorophyll, proteins, amino acids and many other molecules essential for plant growth and 
other critical nitrogenous plant components such as the nucleic acids and chlorophyll (Marschner, 1995). Hence, 
the availability of nitrogen and its enhancing effect on absorption of other nutrients as well its promotion 
vegetative growth and delay in maturity is expected to maximize assimilate production and partitioning to the 
storage tissue, the pseudo-stem in this regard (Rogers,1977.).  
The present result was in line with reports by Rozek et al. (1990) and Ahmed et al(2003) who state that 
the total yield per hectare increased as plant density increased although yield of the individual plants and their 
components were significantly reduced suggesting a compensation of higher plant densities on yield in onion. 
The increased yield at higher densities is due to the fact that more pseudo-stems were harvested per unit 
area of land. At higher planting densities, the ground is covered with green leaves earlier, light is intercepted and 
used for assimilation, fewer lateral leaves are formed and pseudo-stem growth starts earlier, which enables to 
produce more medium and smaller pseudo-stem.(Beukema and Vander Zaag,1990). However, decreases in 
yields as a result of wider spacing could be compensated in part by an increase in large-size pseudo-stems and a 
decrease in small pseudo-stems yields (Rees et al, 1987). 
Table 4. The main effects of N- rate and intra-row spacing on days to maturity and marketable, unmarketable 
and total yield of leek 
Treatment  Pseudo-stem yield (t ha-1) 
Marketable  Unmarketable Total 
N-rate(kg ha1) 
0  23.00e 1.28 24.27e 
69  30.57d 1.59 32.16d 
92  35.48c 2.02 37.51c 
115  41.47b 2.15 43.62b 
138  46.68a 1.95 48.63a 
LSD (0.05)  4.25 NS 4.08 
Intra row spacing (cm)       
5  36.76 2.40a 39.16a 
10  35.92 1.61b 37.53ab 
15  33.63 1.39b 35.02b 
LSD (0.05)  NS 0.50  3.16 
CV (%)        12.43         37.40 11.30 
Means followed by the same letter within a column are not significantly different at 5% level of significance; NS 
= non- significant.  
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